Test portions from 3 environmental surface types, representative of typical surfaces found in a food production facility, were analyzed by the Assurance Ò Listeria Polyclonal Enzyme Immunoassay (EIA) and the U.S. Department of Agriculture/Food Safety and Inspection Service (USDA/FSIS) culture method for Listeria monocytogenes and related Listeria species. In all cases, naturally contaminated environmental test samples were collected from an actual food production facility by sponge or swab. Test samples from concrete surfaces were collected by both swab and sponge; sponge test samples were collected from rubber surfaces, and swabs were used to sample steel surfaces. Test portions from each surface type were simultaneously analyzed by both methods. A total of 23 collaborators, representing government agencies, as well as private industry in both the United States and Canada, participated in the study. During this study, a total of 550 test portions and controls was analyzed and confirmed, of which 207 were positive and 336 were negative by both methods. Six test portions were positive by culture, but negative by the EIA. Three test portions were negative by culture, but positive by the EIA. Two test portions were negative by EIA and by culture, but confirmed positive when EIA enrichment broths were subcultured to selective agars. The data reported here indicate that the Assurance Ò Listeria EIA method and the USDA/FSIS culture method are statistically equivalent for detection of L. monocytogenes and related Listeria species from environmental surfaces taken by sponges or swabs.
T he Assurance
® Listeria Polyclonal Enzyme Immunoassay (EIA) is currently AOAC Official Method 996.14 for food products (1) . An applicability revision comparative study (unpublished) was conducted to demonstrate the equivalence of the Assurance Listeria EIA to the U.S. Department of Agriculture/Food Safety and Inspection Service (USDA/FSIS) culture method (2) for detection of L. monocytogenes and related Listeria species from environmental surfaces. This study, previously approved by the AOAC Microbiology Committee, compares 9 surface types representative of a wide variety of food production site surfaces. A total of 520 test portions and controls was analyzed, and no statistically significant difference was detected between the Assurance Listeria EIA and the reference culture method. A collaborative study examining naturally contaminated surfaces was conducted to support a method applicability statement revision to include environmental surfaces.
An assay was developed which uses highly specific antibodies directed against antigens produced by Listeria. This assay is configured in a universally accepted microwell format with a 96-well test plate.
To conduct this assay, the analyst collects a test sample from the environmental surface by either a sponge or swab premoistened with an appropriate neutralizing medium. The sponge is enriched in a sterile plastic bag containing 60 mL modified Fraser broth with lithium chloride (mFB+LiCl); the swab is placed in a 10 mL tube of mFB+LiCl. The enrichments for both devices are incubated at 30°C for 28 ± 2 h. A secondary transfer of 1 mL mFB+LiCl to 9 mL buffered Listeria enrichment broth (BLEB) is made and incubated for 24 ± 2 h at 30°C. After this incubation, a 1.0 mL aliquot is heat-inactivated at 100°C for 15 min. In the EIA, proprietary antibodies with a high specificity to antigens of L. monocytogenes and related Listeria species are bound to microwell plates. Enriched test portions and positive controls are added to the plate and incubated. If any Listeria antigens are present, they bind to the microwells, forming antibody-antigen complexes. Nonreactive material is washed away. Listeria-specific antibody is added, and the incubation and wash procedures are repeated. Alkaline phosphatase conjugate is then added to bind enzyme to Listeria antigens. After incubation, unbound conjugate is washed away. The substrate, p-nitrophenylphosphate, is added, and the absorbance of the resulting colored product is read spectrophotometrically at 405-410 nm. A reading above the calculated cutoff value indicates a presumptive positive and must be confirmed by culture method.
Study Design
The Assurance Listeria EIA was previously validated as AOAC Official Method 996.14. A comparative study was performed analyzing 20 diverse food types (unpublished). Additionally, a 6 food collaborative study was conducted (1) .
The EIA assay was subjected to 2 separate phases of testing for a method applicability statement revision to include environmental surfaces. The first completed phase was an in-house precollaborative validation study that has been approved by the Microbiology and Extraneous Materials Methods Committee. A separate multilaboratory collaborative study is reported here. Test samples from environmental surfaces naturally contaminated with Listeria were collected from an actual food production facility. Each sponge or swab test portion was homogenized and used for both the test and reference methods, allowing for a true paired sample analysis.
Collaborative Study
Three surface types were analyzed for this study: concrete, rubber, and steel. All test samples used in this study were obtained from a food production facility with surfaces naturally contaminated with Listeria. Environmental test samples for concrete were collected by both the sponge and swab methods. Test samples from rubber and steel surfaces were collected by only sponge or swab, respectively. Each participating collaborator analyzed 5 test portions from each surface/test sample collection device: concrete/sponge, concrete/swab, rubber/sponge, and steel/swab. Five uninoculated Dey-Engley (D/E) broths were included as controls on each day that a particular surface was analyzed. A minimum of 15 laboratories agreed to analyze each surface/collection device combination.
Test Portion Preparation
Five separate sponge test samples and 5 separate swab test samples were collected from surface type 1 (concrete) for the first week of the study. In the second week of the study, 5 separate swab test samples were taken from surface type 2 (steel) and 5 separate sponge test samples were taken from surface type 3 (rubber). The sponges and swabs were premoistened with D/E neutralizing broth before collection. A 5 cm 2 area was sampled for each swab and a 100 cm 2 area was sampled for each sponge. After collection, the sponges were transferred back into sterile plastic bags and the swabs were placed in tubes containing 10 mL D/E neutralizing broth. All swabs/sponges were immediately transported on ice to BioControl Systems. Upon arrival, approximately 60 mL D/E neutralizing broth was aseptically added to each sponge bag and homogenized by stomacher. Each swab was homogenized in the tube of D/E broth by vortex mixer. The D/E broth from the swab was then aseptically transferred to a sterile container and diluted with an additional 60 mL D/E broth. For each sponge and swab test portion, a 2.25 mL aliquot of D/E broth was transferred to a sterile screw-cap tube and shipped to participating laboratories on ice via an overnight delivery service. Five uninoculated controls consisting of 2.25 mL tubes of D/E broth were also shipped at the same time.
Test Portion Distribution
Each collaborator received one set of 15 test portions for each week the study was run. The 10 environmental test portions and 5 uninoculated controls were stored at 2-8°C upon receipt until tested. Test portions were sent to participating laboratories to arrive no later than the week proceeding the Monday that analyses were initiated. Collaborators were instructed to analyze each test portion by both the USDA/FSIS culture procedure and the Assurance Listeria EIA method. Results obtained by collaborators were submitted on summary forms with the appropriate raw data.
Test Portion Analysis
Test portions from 2 surfaces/collection devices were tested for each week of the study. For each 2.25 mL test portion, collaborators were instructed to transfer a 1 mL aliquot to 9 mL mFB+LiCl for the EIA method, and another 1 mL to 9 mL University of Vermont Listeria enrichment broth (UVM) for the USDA/FSIS method. For each week of analysis, 5 uninoculated D/E broths along with a positive and a negative control were tested. All test portions and uninoculated controls were enriched and analyzed according to both the Assurance Listeria EIA Official Method 996.14 and the USDA/FSIS culture method (3).
Test Portion Confirmations
The appropriate enrichment broths from both the test and reference methods were streaked onto modified Oxford agar (MOX) plates for confirmation. At least 5 suspect colonies (isolates with black halos) from the MOX plates were selected for confirmation according to the Bacteriological Analytical Manual (4).
Statistical Analysis
A paired statistical analysis of the methods was performed for each surface type/collection device using the method of McNemar (5) . A chi square value >3.84 was indicative of a significant difference at the 5% probability level. Sensitivity, specificity, and percent agreement were conducted according to the method of McClure (6 See Table 996 .14 for the results of the interlaboratory study supporting acceptance of the method.
A. Principle
Proprietary antibodies with a high specificity to L. monocytogenes and related Listeria species antigens are bound to microwell plates. Enriched test portions and positive controls are added to the plate. Any antigens that are present bind to the microwells, forming antibody-antigen complexes. Nonreactive material is washed away. Listeria-specific antibody is added, and the incubation and wash procedures are repeated. Alkaline phosphatase conjugate is then added to bind enzyme to Listeria antigens. After incubation, unbound conjugate is washed away. The substrate, p-nitrophenylphosphate, is added, and the absorbance of the resulting colored product is read spectrophotometrically at 405-410 nm. Readings above cutoff value indicate a presumptive positive; confirm by culture method. 
B. Media and Reagents

D. General Instructions
Store all reagents at 2-8°C when not in use. Let reagents equilibrate to room temperature before use. Include duplicate positive and one blank test wells with each run of test portions. Use separate pipets for each test suspension and reagent to avoid cross-contamination. Use reagents and components as an integrated unit and do not mix with components from other manufacturing batches or sources. Use dedicated trough or glassware for each reagent to avoid cross-contamination. Do Environmental monitoring.-For environmental sponges, ensure that the sponge is in a horizontal position in the bag and add 60 mL mFB + LiCl, B(h), to sponge bag. If using a swab, add swab to 10 mL mFB + LiCl, B(h).
Mix well via stomacher or vortex mixer. Incubate 28 ± 2 h at 30°C.
(b) Secondary enrichment.-Transfer 1 mL incubated mFB + LiCl to 9 mL BLEB, B(i). For powdered milk products, transfer 0.1 mL incubated mFB + LiCl into 10 mL BLEB, B(i). Vortex tubes and incubate at 30°C for 24 ± 2 h.
(c) Inactivation.-Vortex mix incubated BLEB tubes and transfer 1.0 mL to a clean tube. Inactivate microorganisms at 100°C for 15 min. Cool tubes to 25-37°C before testing. Inactivated broths can be stored at 2-8°C up to 4 days prior to testing. Store remaining BLEB enrichment broths at 2-8°C to confirm presumptive positives. Note: Test tubes that have been stored must be mixed thoroughly before addition of test suspension to microwell. 
F. Enzyme Immunoassay Procedure
(7) Immediately following removal of the last wash, mix antibody solution, B(d), by gently inverting the bottle several times. Add 100 µL antibody solution to each well, including the control and blank wells. Cover plate with plastic cover and incubate 30 min at 35-37°C.
(8) Following incubation, wash each well 3 times. Refer to washing procedure instructions, F(6).
(9) Immediately following removal of the last wash, mix conjugate solution, B(e), by gently inverting the bottle several times. Add 100 µL conjugate solution to each well, including control and blank wells. Cover plate with plastic cover and incubate 30 min at 35-37°C.
(10) Following incubation, wash each well 3 times. Refer to washing procedure instructions, F(6).
(11) Immediately following removal of the last wash, add 100 µL substrate, B(b), to each well, including control and blank wells. Cover plate with plastic cover and incubate 30 min at 35-37°C. After incubation do not wash wells. Proceed directly to G. If reading will be delayed, add 50 µL stop solution, B(f), to each well. Read within 1 h.
G. Reading
Read control and test well absorbancies (A) at 405-410 nm. To obtain valid results, calibrate the microwell plate reader against the blank well before reading test and control wells. Standardize reader by reading the blank well and adjusting absorbance to zero. Read the absorbance of each well, starting with the 2 positive controls, with a microwell plate reader at 405 or 410 nm. Note: When reader is standardized to blank well, certain test wells may read less than zero. This is not uncommon and indicates a negative result. 
H. Interpretation of Test Results
Positive
Results
Twenty-three collaborators participated in the study. Nineteen participants agreed to analyze all 4 surface/test sample collection methods, and 4 analyzed only 2 of the surface/test sample collection methods (Table 1) . At the end of the study, valid data were submitted from 550 test portions: 365 were naturally contaminated and 185 were controls. Of the 550 total reported test portions, 207 were confirmed positive and 336 were negative by both EIA and the culture methods. Three test portions were confirmed positive by EIA method but negative by culture, and 6 test portions were negative by EIA and positive by culture. Two test portions were negative by EIA and by culture, but confirmed positive when EIA secondary enrichment broths were subcultured to selective agar. These 2 test portions were counted as false negatives for both the EIA and the reference method. There were 2 presumptive positive test portions by the EIA method that could not be confirmed culturally.
Tables 2-5 present individual collaborator results. Results were analyzed by surface type/test sample collection method. Table 996 .14 provides a summary of the test results, as well as sensitivity and specificity data for each surface type.
Steel Surface Test Portions Collected with Swabs
Twenty-two participants agreed to analyze test portions from steel surfaces. Laboratories 7 and 18 reported uninoculated controls as confirmed positive for Listeria. Laboratory 15 was a statistical outlier. Data from these laboratories were not included in the analysis. Nineteen collaborators followed study instructions and appeared to have valid data as indicated by data summary worksheets (Table 2) . Fractional recovery was observed for this surface type. Twenty-eight test portions were confirmed positive and 66 were negative by both methods. No test portions were negative by culture and confirmed positive by EIA, and 1 test portion was confirmed positive by culture but negative by EIA. There were no unconfirmed positive test portions reported by EIA. Chi square analysis for swab test portions collected from steel surfaces was 0.0, indicating that the methods were equivalent. There was no statistically significant difference between the EIA method and the USDA reference method in this test portion set.
Rubber Surface Test Portions Collected with Sponge
Twenty-two collaborators agreed to participate in the analysis of sponge test portions taken from rubber surfaces. Laboratories 7 and 18 reported uninoculated controls as confirmed positive for Listeria. Data from these laboratories were not included in the analysis. The remaining 20 collaborators followed study instructions and appeared to have valid data as indicated by data summary worksheets (Table 3) . Fractional recovery was observed for this surface type. Seventy-three test portions were confirmed positive and 23 were negative by both methods. Three test portions were culture negative, but confirmed EIA positive, and 3 test portions were confirmed culture positive but EIA negative. There was no unconfirmed positive test portion reported by EIA. Two test portions were negative by the culture method and negative by EIA, but were confirmed positive when subcultured from the EIA secondary enrichment broth. These test portions were reported as false negatives for both the EIA and culture methods. Chi square analysis for test portions taken from rubber surfaces was 0.2, 
Listeria was detected in sample; -, Listeria was not detected in sample; ( / ) = first entry is presumptive result / second entry is confirmed result. b Laboratory was determined to be a statistical outlier for this level as defined in the method of McClure (6). c Selective plates had colonies typical of Listeria but were not confirmed as Listeria. 
Listeria was detected in sample; -, Listeria was not detected in sample; ( / ) = first entry is presumptive result / second entry is confirmed result. b Selective plates had colonies typical of Listeria but were not confirmed as Listeria. 
Listeria was detected in sample; -, Listeria was not detected in sample; ( / ) = first entry is presumptive result / second entry is confirmed result.
indicating equivalent results between the EIA and USDA reference methods.
Concrete Surface Test Portions Collected with Sponge
Twenty collaborators agreed to participate in the analysis of sponge test portions taken from concrete surfaces. Laboratories 7 and 15 reported uninoculated controls as confirmed positive for Listeria. Laboratory 18 did not follow study instructions. Data from these laboratories were not included in the analysis. The remaining 17 collaborators followed study instructions and appeared to have valid data as indicated by data summary worksheets (Table 4 ). Fractional recovery was observed for this surface. Fifty-five test portions were confirmed positive and 28 were negative by both methods. No test portions were culture negative and confirmed EIA positive, and 2 test portions were confirmed culture positive but EIA negative. There were no unconfirmed positive test portions reported by EIA. Chi square analysis for concrete surfaces sampled by sponge was 0.5, indicating that the EIA and USDA reference methods were equivalent.
Concrete Surface Test Portions Collected with Swab
Twenty collaborators agreed to participate in the analysis of swab test portions taken from concrete surfaces. Laboratories 7 and 15 reported uninoculated controls as confirmed positive for Listeria. Laboratory 18 did not follow study instructions. Data from these laboratories were not included in the analysis. The remaining 17 collaborators followed study instructions and appeared to have valid data as indicated by data summary worksheets (Table 5 ). Fractional recovery was observed for this surface. Fifty-one test portions were confirmed positive and 34 were negative by both methods. No test portions were culture negative and confirmed EIA positive. There were no unconfirmed presumptive positive test portions for either the culture or EIA methods. Chi square analysis for concrete surfaces sampled by swab was not applicable as the 2 methods produced identical results, indicating that the EIA and USDA reference methods were equivalent.
Discussion
The analysis of all valid data for each surface type and test sample collection method shows that of the 550 test portions, 207 were confirmed positive and 336 were negative by both methods. Three test portions were negative by culture, but confirmed positive by EIA. Six test portions were confirmed positive by culture, but negative by EIA. All test samples were from naturally contaminated surfaces taken from an actual food production facility.
The USDA/FSIS procedure involves streaking all primary enrichment UVM tubes, and any darkened Fraser broth tubes from the secondary enrichment. Numerous enrichment broths were observed where (1) the tubes had darkened yet there was no growth on the MOX isolation agar plates after 48 h incubation, or (2) esculin-positive colonies were isolated from the streaked MOX plates, but did not confirm to be Listeria. The Assurance Listeria EIA may help to minimize the number of presumptive positive plates required because it is not based on esculin hydrolysis.
Conclusions
The data reported here indicate that the Assurance Listeria EIA method and the USDA/FSIS culture method are statistically equivalent for detection of L. monocytogenes and related Listeria species from environmental surfaces sampled by sponges or swabs.
Recommendations
It is recommended that the method applicability statement of the Assurance Listeria EIA for detection of L. monocytogenes and related Listeria species be revised to include environmental surfaces and be adopted First Action.
